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New Use of Hsp70 Protein 



The invention relates to the use of Hsp70 protein or fragments thereof for the 
activation of NK-cells, pharmaceuticals, medical products or medical adjuvants which 
contain a Hsp70 protein or fragments thereof or activated NK-cells, a method for the 
activation of NK-cells as well as medical uses of the products obtained by the method 
of the invention. 

Chaperones are necessary for a number of fundamental processes in the cell. In 
particular, it is known that they counteract cell stress. The best analysed class of 
chaperones is the group of the heat-shock proteins (HSP) with a molecular weight of 
70 kDa (Multhoff et a!.. Cell Stress & Chaperones 1 (3) (1996), 167). These proteins 
are highly preserved in an evolutionary way. They bind to unfolded or incorrectly 
folded polypeptides in the cell, stabilize them and in that way inhibit their aggregation 
or make it possible for a transmembrane translocation to take place. Hsp70 is 
localized in the nucleus, in the cytosol and on the cell surface of certain tumour cells. 
Apart from their intracellular task as chaperones the members of the Hsp70 family 
seem to play a role as to the stimulation of the immune system, e.g. inflammatory 
processes under participation of pathogens, and as to the cellular anti-tumour 
immune response in vivo and in vitro. Accordingly, a range of therapeutic uses of 
heat-shock proteins has been presented in the state of the art. In WO 97/1 0000, the 
use of complexes consisting of a heat-shock protein and an exogenous antigen 
molecule (peptide) bound to this protein in a non-covalent way is described for the 
prevention and treatment of tumour and infectious diseases. The antigens present 
with the heat-shock proteins in the complex derive from tumour cells. They have the 
same characteristic, i.e. both induce an immune response. Multhoff et al., Biol. 
Chem. 379 (1998), 295-300 assign a role to HSPs, including Hsp70, in the 
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recognition of non-MHC-restncted effector ceils, including NK-cells. In particular, it 
was found that NK-cells recognise Hsp70 molecules present on the surface of tumour 
cells and then lyse the tumour cells. Another approach of therapy for cancer diseases 
has been introduced by Tamura and colleagues (Tamural et aL, Science 278 (1997), 
117-123). They were able to demonstrate that tumour-carrying mice can be treated 
successfully with heat-shock preparations if derived from autologous tumours. 
Preparations from non-autologous tumours or from normal tissue, however, do not 
lead to the regression of the tumours (Blachere et al., J. Exp. Med. 186 (1997) 1315- 
1322). In the study by Tamura et ai., the HSPs form complexes with a number of 
peptides which have not been identified in more detail. To sum up one can say that 
the state of the art shows an immunological activity of HSR molecules if they either 
form complexes with peptides and/or are present on the surface of cells such as 
tumour cells. Thus, although the potential of heat-shock proteins basically has been 
recognised for fighting various diseases, the successful therapeutic use usually depends 
on the preparation of certain complexes or cell preparations as well as the amount of the 
starting material (tumour material): It is hard to imagine a universal or patient-independent 
use of these complexes or cell preparations. 

Thus, the problem underlying the present invention was to provide new means and 
methods for the use of the immunological potential of heat-shock proteins which do not 
have the above-mentioned disadvantages of the state of the art. 

This problem has been solved by providing the embodiments characterised in the claims. 

Therefore, the invention relates to the use of a Hsp70 protein, a carboxy-terminal (C- 
terminai) fragment thereof or a derivative thereof or a protein with an amino acid 
sequence homology to the C-terminal region of the Hsp70 protein of > 70 % for the 
production of a pharmaceutical preparation, medical product or a medical adjuvant for the 
activation of NK-cells. 

According to the invention, pharmaceutical preparations are defined as substances and 
preparations of substances which, when used on or in the human body, are meant for 
healing, alleviating, preventing or recognising diseases, ailments, physical defects or 
pathological discomforts. 

According to the invention, medical products are all substances or preparations used 
individually or in combination with each other of substances, or other subject-matters 
which, according to the producer, are meant to be applied to humans due to their 
functions for the purpose of detecting, preventing, monitoring, treating or alleviating 
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diseases and whose main effect in or on the human body is achieved neither by 
pharmalogically or immunologically effective preparations nor by a metabolism whose 
effectiveness may well be supported by such preparations. 

According to the invention, medical adjuvants are such substances which are used for 
the production (as active ingredients) of phamnaceutical preparations. 

Moreover, the invention relates to the use of a Hsp70 protein, a C-terminal fragment 
thereof or a derivative thereof or a protein with an amino add sequence homology to the 
C-temninal region (amino adds 384-641 ) of the Hsp70 protein of > 70 % for ex vivo or in 
vitro activation of NK-cells. 

According to the invention, the term "Hsp70 protein" relates to eukaryotic heat-shock 
proteins, the expression of which can be induced by heat but also by a number of other 
reagents such as e.g. amino acid analogues, heavy metals, ionophores or cytotoxines, 
wherein the factor of the increase in the expression by means of induction is at least 5. 
compared to the constitutive expression. The endosed Figure 5 shows the composition 
of a Hsp70 protein comprising an N-terminal ATPace domain and a C-terminal substrate- 
binding domain of the protein. The complete amino add sequence has been published in 
Miiner et al., Immunogenetics 32 (4) (1990), 242-251. 

According to the invention, the term "carboxy-terminal (C-terminal) fragment" of the 
Hsp70 protein comprises (poiy)peptides exhibiting an amino add sequence from the 
range of amino adds 384-641 of the human Hsp70. The present invention also 
comprises fragments of the C-terminal fragment 384-641. In further embodiments the 
term comprises (poly)peptides derived firom the region of another protein that is also 
comprised in the term "Hsp70 protein" used according to the invention, this region being 
homologous to the above-mentioned C-terminal region of the human Hsp70 protein. The 
fragments of the Hsp70 protein used according to the invention are also able to activate 
NK-ceiis. The adivation can easily be verified by the person skilled in the art by means of 
the teaching of the invention. Thus, the person skilled in the art is also able to produce 
fragments from the above-mentioned fragment 384-641 by recombinant techniques 
without further ado (standard methods for this are described in Sambrook et al., 
"Molecular Cloning, A Laboratory Manual", 2, edition 1989, CSH Press, Cold Spring 
Harbor, N. Y.) and test them for the activation properties wanted. 

The term "derivate" comprises both derivatives of the Hsp70 protein as well as derivatives 
of the C-terminal fragment as far as the derivatives exhibit the functions of the invention. 
Preferably, such derivatives exhibit the same three-dimensional strudure as Hsp70 or its 



3 




C-terminal fragment and can be produced, for example, by peptidomimetics (al-Obeidi et 
aL, Mol. Biotechnol. 9 (1998), 205-223; Wiley et al., Med. Res. Rev. 13 (1993), 327-384; 
Bohm, J. Comput. Aided MoL Des. 10 (1996), 265-272; Hruby et al., Biopolymers 43 
(1997), 219-266). 

The term "NK-cells" ("natural killer cells") comprises big, granular lymphocytes expressing 
CD45 on the surface and exhibiting killer activity without prior stimulation. They are 
particularly characterised in that they express CD16 and/or can be stimulated by 
interIeukin-2 and/or do not express CD3 and/or do not have o/p- or y/S-T-celt receptors. 

The NK-cells developing their effectiveness in the method of the invention are further 
characterised by the following properties: 

- they are transient plastic-adherent after addition of IL-2 in amounts of 10 to 10,000 
Units, e.g. of 100 I U, wherein IL-2 can be purchased from the firm Chiron; 

- the adherence takes effect 3-18 hours after addition of IL-2 on newly isolated PEL 
(peripheral blood lymphocytes depleted by monocytes); 

- the NK-cells exhibit a GDI 6dim expression (average value of fluorescence weak); 

- the NK-cells express CD56 and CD57 as typical NK marker; 

- the NK-cells express CD94 (C-type lectin killer cell receptor) 

- the NK-cells secrete after activation with Hsp70 and cytokins IFNgamma; 

- the NK-cells can be stimulated by addition of Hsp70 (purified protein) (growth and 
cytotoxic activity); 

- they are not dependent on the patient's MHC type. 

According to the invention, other NK-cell populations can be used, too. In this case, 
however, it is a pre-requisite that they can be activated by the Hsp70 used according to 
the invention or by the above-mentioned fragments or derivatives. According to the 
invention, isolated NK-cells can be used. It is furthermore possible to use cell mixtures 
such as peripheral mononucleic blood cells (PBMC) containing NK-cells. 

According to the invention, the term "amino acid sequence homology to the C-terminal 
region of the Hsp70 protein > 70 %" means that at least 70 % of the amino acids are 
identical when two amino acid sequences are aligned, wherein one of the aligned amino 
acid sequences is the one of the C-terminal region of Hsp70. It also comprises 
sequences which have 70 % identical amino acids but which, in addition, however, differ 
from the C-terminal Hsp70 reference sequence by gaps when aligned. These gaps can 
occur either in the homologous molecule used according to the invention or in the 
reference molecule. Alignments, usually by comparison by computer, are known in the 
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state of the art, as are the programs with which such alignments can be carried out. 
Furthermore, it is preferred that the proteins or the fragments exhibit an amino acid 
sequence homology to the carboxy-terminal region, i.e. in the region of the amino adds 
384 - 641 , of the Hsp70 protein of > 80 % and preferably > 90 %. 

The finding that heat-shock proteins, C-terminal fragments thereof or derivatives derived 
therefrom induce immunological activities by means of activation of NK-cells even if they 
do not form complexes with peptides or if they are not presented as tumour cells on the 
surface of cells has to be considered most surprising. In June 1998 (cf. Srivastava et al.. 
Immunity 8 (1998), 657-665, herein cited as expert opinion), for example, it was still 
assumed that isolated heat-shock proteins do not exhibit immunogenic effects such as 
CTL induction (Biachere et al., J. Exp. Med. 186 (1997), 1315-1322) and cannot induce 
protective immunity against some kind of cancer (Udono and Srivastava, J. Immunol. 152 
(1994), 5398-5403). With the present invention it becomes possible to induce an in vitro 
or in vivo activation of NK-cells which is independent from the patient and which can be 
used successfully against various diseases, for example, tumour diseases. Moreover, the 
use of isolated heat-shock protein allows for an improved standardisation of activation 
processes. The present invention makes it possible to produce unlimited amounts of 
HCP, whereas in the case of patient-specific preparations of the HSP peptide complexes 
the amount of HSP is limited by the size of the tumor. 

In addition to the above-mentioned findings it is surprising that the use of C-terminal 
fragments of the Hsp70 protein also leads to the result of the invention. In particular, it 
was unexpected that the C-terminal apparently exhibits the same three-dimensional 
structure which is recognized by the NK-cells and which leads to their activation. The 
possibility of using the C-terminal Hsp70 fragments in the activation of NK-cells also has 
the advantage that the recombinant production should lead to increased yields in 
comparison to the recombinant presentation of the whole protein. 

The production of derivatives of Hsp70 or its C-terminal fragments, e.g. by 
peptidomimetics, is for example useful if a rapid degradation of these (poly)peptides in 
the body is to be avoided. This can play a role e.g. with oral administration of 
pharmaceutical preparations. 

Preferably, the activation comprises the induction of an immune response mediated by 
NK-cells. Here, it is particularly preferred that the immune response mediated by NK-cells 
comprises a stimulation of the proliferation of the NK-cells and/or an increase of the 
cytolytic activity of the NK-cells. (Pharmaceutically) effective amounts of Hsp70 or of 
fragments or derivatives thereof are used in all of the above-mentioned embodiments so 
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that the desired activation, preferably the immune response, is induced. The immune 
response is primarily, but not exclusively, directed against such cells expressing Hsp70 or 
fragments thereof on the cell surface. This includes both human and animal cells. Human 
or animal cells expressing Hsp70 on the ceil surface include, for example, tumour ceils 
and cells from patients with infectious diseases. The cytolytic activity of the NK-ncells 
stimulated by Hsp70 according to the invention is significantly increased so that an 
immunological elimination of these cells expressing Hsp70 on the cell surface becomes 
possible. 

In a particularly preferred embodiment of the use according to the invention the cytolytic 
activity against tumour cells and/or cells from patients with infectious diseases is 
increased. 

In another particularly preferred embodiment of the use according to the invention the 
cytolytic activity against leukaemia cells, lymphoma cells, tumour cells and metastasizing 
cells of solid tumours and cells from patients with viral, mycotic or bacterial infectious 
diseases is increased. One example of the treatment of viral diseases is the treatment of 
HIV infections, an example of a bacterial infection is the treatment of diseases caused by 
mycobacteria. Solid tumours whose metastatic cells can be treated by the immunological 
method of the invention include, for example, carcinomas, sarcomas, melanomas, 
leukaemias and lymphomas. Examples of carcinomas are colon cardnomas and lung 
carcinomas. 

By using a Hsp70 protein, parts of this protein or > 70 % sequence homologous proteins 
according to the invention, cells which have been infected by viruses, bacteria and/or 
fungi or cells which have been changed by tumours can be lysed. Cells containing 
antigenic parts of these foreign organisms or parts of tumour cells can also be lysed by 
means of activated NK-cells by the use of the Hsp70 protein according to the invention. 

The invention further relates to a method for ex vivo or in vitro activation of NK-cells, 
wherein a physiological cell suspension containing NK-cells is mixed with a Hsp70 
protein, a C-terminal fragment thereof or a derivative thereof or a protein with an amino 
acid sequence homology to the C-terminal region (amino acids 384-641) of the Hsp70 
protein of > 70 % and incubated to bring about an activation of the NK-cells. 
The incubation can take place at room temperature, preferably, however, at physiological 
temperature (37X) on a shaker (gentle shaking). 

In a preferred embodiment of the method according to the invention the activation 
comprises a stimulation of the proliferation of the NK-cells and/or an increase in their 
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cytotoxicity. With regard to the preferred target cells for the cytotoxic activity it Is referred 
to the above-mentioned explanations. 

In a particularly preferred embodiment of the method of the invention peripheral, 
monocucleic blood cells (PBMC) or a fraction thereof which contain NK-cells are used as 
physiological cell suspensions containing NK-cells. 

Using appropriate methods, the NK-cells can be obtained from the patients to be treated 
or from a healthy donor by taking blood. Preferably, bufFy-coats (lymphocyte 
concentrates) containing NK-<^elis are to be used. 

Buffy-coats (lymphocyte concentrates) are taken from patients via the veins and e.g. 
heparin is added to prevent clotting of the cells. The buffy-coats to which heparin has 
been added are gathered in a sterile receptacle (usually little plastic bags) and then 
centrlfuged resulting in an accumulation of blood cells (= PBMC, peripheral, mononucleic 
blood cells, e.g. lymphocytes, erythrocytes, granulocytes, and so on). The lymphocyte 
concentrate remains sterile in the vessel (plastic bag). In the case of healthy probands a 
buffy-coat consists of white and red blood cells (lymphocytes, erythrocytes, and so on). In 
the case of a tumour patient the buffy-coat does not only consist of blood cells but can 
also contain tumour cells (in the case of leukaemia, e.g. leukaemia cells = blasts; in the 
case of solid tumours, e.g. metastasized cells). 

The buffy-coats containing peripheral, mononucleic blood cells are used in the form of a 
physiological cell suspension, preferably with heparin added. The heparin prevents an 
aggregation of the cells. 

In another particularly preferred embodiment of the method of the invention the cell 
suspension further contains human and animal cells expressing Hsp70 on the cell 
surface. Stimulation of the NK-cells by the Hsp70 protein however, can also take place 
without target cells (tumour cells,, infected cells) that express Hsp70 on the cell surface 
being present. 

In another particularly preferred embodiment of the method tumour cells, cells from 
patients with infectious diseases are used as human or animal cells. 

In another particularly preferred embodiment of the method leukaemia cells, lymphoma 
cells, metastasizing cells of solid tumours and cells from patients with viral, mycotic or 
bacterial infectious diseases are used as human or animal cells. 
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In another preferred embodiment of the method the physiological cell suspension 
containing the cells and proteins is incubated for at least 3 hours. 

In this embodiment, in order to increase the cytolytic effect of the natural killer cells, the 
target cells of the natural killer cells are preferably incubated together with the natural 
killer cells and the Hsp70 in suspension, preferably for the aforementioned period. Long- 
term incubations, however, are also possible for at least 4 days. Thus, in another 
particularly preferred embodiment of the method according to the invention, incubation is 
carried out for 4 days. 

In another preferred embodiment of the use according to the invention or of the method 
according to the invention a cytokine is used in addition. The cytokine and the NK-cells 
and/or the heat-shock proteins, fragments or derivatives thereof can be used separately 
or together in one dose. 

In a particularly preferred embodiment of the use or the method an interleukin is used as 
cytokine. According to the invention, also a combination of interleukins can be used with 
the Hsp70 protein to further enhance the activation of the NK-cells, e.g. the immune 
response mediated by the NK-cells or the stimulation of the proliferation of the NK-cells. 

In another particularly preferred embodiment of the use or the method according to the 
invention lL-2, IL-12 and/or IL-15 is used as interleukin. 

The invention makes it possible to re-infuse the patient not only with ex-vivo-activated 
NK-cells, but also to use in vivo NK-cells treated according to the invention due to 
avoidance of toxic substances, e.g. in combination with a hyperthermia treatment. This 
embodiment of the invention has a further, invaluable and surprising advantage, i.e. that 
the target cells, too. e.g. tumour cells which were resistant to the known therapeutic 
methods, can now be killed immunologically by the cytolytic effect of the NK-cells. Thus, 
the invention further relates to a method for in-vivo activation of the immune system, 
wherein a pharmaceutically effective amount of NK-cells activated according to the 
above-mentioned method is administered to a patient, optionally in combination with or 
before a pharmaceutically effective amount of a Hsp70 protein, a C-terminal fragment 
thereof or a derivative thereof or a protein with an amino acid sequence homology to the 
C-terminal region (amino acids 384-641) of the Hsp70 protein of > 70 %. 

If substances are administered together, they may be put together in one container or 
separately in several containers, whereas in the case of consecutive processing they are 
kept separately. 
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If the NK-cells are administered before the Hsp70 proteins, the corresponding time period 
before administration of the HspZO protein should be at least 3-24 hours. 

An example of treatment according to the invention is the following: 
Buffy-coat cells (lymphocyte concentrates) consisting of peripheral, mononucieic blood 
cells or bone marrow cells and tumour cells from tumour patients, for example leukaemia 
patients, are subjected to heat treatment in a sterile sealed container, for example a 
plastic container, with the Hsp70, Hsp70 related protein and/or effective fragments or 
derivatives thereof in a water bath with temperature control. Both the tumour cells and the 
NK-cells stimulated by the present treatment are in the container. After completion of the 
procedure of the invention, the culture solution containing the activated NK-cells and the 
iysed tumour cells is re-infused into the patient. 

According to the invention the NK-cells are optionally present with other peripheral, 
mononucieic blood cells, for example with erythrocytes and granulocytes and T-cells. 
Preferably, therefore, the NK-cells are not used alone, but a mixture of the peripheral, 
mononucieic blood cells is obtained by isolating buffy-coat cells. These accumulations 
further contain tumour cells in tumour patients which are immunologically eliminated by 
the method of the invention. 

Furthermore, the invention relates to a method for in vivo activation of NK-cells, wherein a 
patient is given a pharmaceutlcally effective amount of a Hsp70 protein, a C-terminal 
fragment thereof or a derivative thereof or a protein with an amino acid sequence 
homology to the C-termlnal region (amino acids 384-641 ) of > 70 %. 

Moreover, the invention relates to a method for the treatment of tumours, cancer 
diseases and/or infectious diseases, wherein a patient is given a pharmaceutically 
effective amount of NK-cells activated according to the above-mentioned method of the 
invention and/or a Hsp70 protein, a C-terminal fragment thereof or a derivative thereof or 
a protein with an amino acid sequence homology to the C-terminal region (amino acids 
384-641 ) of the Hsp70 protein of > 70 %. 

In a preferred embodiment of the method of the invention the tumour is a solid tumour or 
a metastasis. The treatment strategy particulariy aims at the elimination of single-cell 
metastases which can be eliminated by the method of the invention. An increased activity 
of Hsp70-specific cells can be achieved by addition of interieukin-2 in a low dosage, for 
example 100 I.U.. The interieukin-2 may, for example, be introduced into the sterile 
container, e.g. a plastic container, with the Hsp70. 



9 



In another preferred embodiment of the invention the cancer disease is leukaemia or a 
lymphoma. 

In another preferred embodiment of the invention the infectious disease has a viral, 
mycotic or bacterial origin. 

The invention further relates to a pharmaceutical preparation, a medical adjuvant, or a 
medical product containing a Hsp70 protein, a C-terminal fragment thereof or a derivative 
thereof or a protein with an amino acid sequence homology to the C-terminal region 
(amino acids 384-641) of the Hsp70 protein of > 70 % and/or of NK-cells activated 
according to the method of the invention in a therapeutically effective amount as well as 
optionally common carrier and/or adjuvant substances. Furthermore, a cytokine as 
defined above is optionally added to the pharmaceutical preparation. 

In a preferred embodiment of the phamnaceutical preparation, the medical adjuvant, or 
the medical product, the protein is present in a concentration of at least 1 pg/ml, 
preferably up to 1000 pg/ml, preferably 1 x 10^ to 5 x 10^ NK-cells, wherein an amount of 
1 0 ijg to 600 pg/ml is preferred. 

Examples of suitable pharmaceutically tolerable carriers are known to the person skilled 
in the art and comprise, for example, phosphate-buffered saline solutions, water, 
emulsions, such as oil/water emulsions, sterile solutions, and so on. The pharmaceutical 
compositions (pharmaceutical preparations) containing such carriers may be prepared 
according to common methods. The pharmaceutical compositions may be administered 
to the respective individuals in an appropriate dosage. Ways of administration are. for 
example, intravenous, intraperitoneal, subcutaneous, intramuscular, topic or intradermal. 
The dosage depends on many factors, e.g. on the patient's size, sex, weight, age as well 
as the type of the composition spedally administered, the kind of administration and so 
on. In general, the dosage given per month is 10 to 1000 pg. In connection with the 
intravenous injection of substances of the invention dosages of 10 to 1000 pg are usual. 
The compositions may be administered locally or systemically. Generally, administration 
is carried out parenterally. Therefore, the NK-cells treated with Hsp70 according to the 
invention are preferably injected intravenously. An injection may also be carried out 
directly into the tumour with an effective amount of NK-cells being injected. Other known 
types of application are, of course, also possible. 

The Hsp70 itself may, for example, be applied with cytokines. One example of application 
is the injection of the Hsp70 protein, e.g. with cytokines in an intravenous, intramuscular, 
a subcutaneous or an intraperitoneal way or, also in the sole of the foot. 
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In another preferred embodiment of the use or the method or the pharmaceutical 
preparation or the medical product or the medical adjuvant of the invention, the Hsp70 
protein is a human protein. The protein of the invention is, for example, of human origin 
(with the Isolation of cell extracts) or exhibits the amino add sequence of the human 
Hsp70 protein (e.g. after recombinant production). Animal Hsp70 proteins may, however, 
also be used. 

The Hsp70 protein or the fragments used according to the invention may be produced 
recombinantly, isolated from cell extracts, or by means of chemical synthesis. 
Preferably, the Hsp70 protein or its fragment or derivative is a recombinant protein. Such 
recombinant proteins can be produced according to standard techniques. 

Such standard techniques are known to the person skilled in the art (Sambrook et al.. 
ibid, and Ausubel, "Current Protocols in Molecular Biology", Green Publishing Associates 
and Wiley Interscience, N.Y. (1989)). For the recombinant production of proteins nucleic 
acid molecules are used which encode the Hsp70 protein or fragments thereof. These 
may be various nucleic acid molecules, in particular DNA or RNA molecules, for example 
cDNA, genomic DNA, mRNA and so on. Such nucleic acid molecules may be naturally 
occurring molecules and/or molecules produced by genetic or chemical synthesis 
methods. For the production of recombinant proteins, the person skilled in the art uses 
vectors, particulariy plasmids, cosmids, viruses, bacteriophages and other vectors 
common in genetic engineering (Sambrook et al., ibid.). The nucleic acid molecules 
contained in the vectors may be linked to regulatory elements which guarantee the 
expression in prokaryotic or eukaryotic cells. In this context, the term "expression" can 
mean both transcription and transcription and translation. Regulatory elements comprise 
promoters, in particular. For the expression of a nucleic acid molecule in prokaryotic cells 
a range of promoters are at disposal, e.g. the E. coli lac- or trp-promoter, the Pr- or PL- 
promoter of the lambda-phage, lad, lacZ, T3, T7, gpt, and so on. Eukaryotic promoters 
are, for example, the CMV immediate early promoter, the HSV promoter, the 
thymidinekinase promoter, the SV40 promoter, LTRs from retroviruses and the mouse 
metallothionin l-promoter. A variety of expression vectors for the expression in prokaryotic 
or eukaryotic cells has been described, e.g. for eukaryotes pKK223-3 (Pharmacia Fine 
Chemicals, Uppsala, Sweden) or GEM1 (Promega Biotec, Madison, Wl, USA), 
pSV2CAT, pOG44 and for prokaryotes pQE70, pQE60, pBIuescript SK, and so on. Apart 
from promoters these vectors can also contain elements for further enhancement of the 
transcription, such as the so-called transcription enhancers. Examples are the SV40 
enhancer, the polyoma enhancer, the cytomegalovirus eariy promoter enhancer and 
adenovirus enhancer. The recombinant proteins may, therefore, be expressed in various 
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prokaryotic or eukaryotic host cells, for example, when the above-described vectors are 
used. Examples of such host cells are bacterial cells (such as the E. coii, streptomyces, 
bacillus, salmonella typhimurium). fungus cells (such as yeast cells, particularly 
saccharomyces cerevisiae), insect cells (such as drosophila or SF9 cells), animal cells 
(such as CHO or COS cells) or, also, plant cells and so on. Such host cells are cultivated 
under conditions allowing for the expression of the recombinant protein which may then 
be gained from the cells and/or from the culture medium. Methods for the expression of 
foreign protein in various types of host cells as well as for gaining the produced protein 
are known to the person skilled in the art. 

In another preferred embodiment of the use or the method or the pharmaceutical 
preparation or the medical product or the medical adjuvant of the invention, the Hsp70 
protein comprises the C-terminal fragment (amino acids 384 to 561) of the human Hsp70 
or the corresponding region of another Hsp70 exhibiting the effects of the invention, or 
the C-terminal fragment (amino acids 454 to 460) of the human Hsp70. According to the 
invention it could surprisingly be shown that fragments having this minimal sequence of 7 
amino acids (NLLGRFE) are inhibited by antibodies, and NK activation was thus 
prevented or stopped. The experiments were carried out according to Multhoff et al., J. 
Immunol. 158 (1997), 4341-4350. The antibody RPN 1 197 available from Amersham was 
used. The 7 amino acids can be flanked by naturally flanking Hsp70 sequences or by 
other amino acids. The 7 amino acids are preferred to remain in their natural context. 
When other flanking amino acids are used, the three-dimensional context, in which said 7 
amino acids naturally occur, is preferred to be maintained. Within the 7 amino acids 
further amino acid exchanges can take place as far as the homology of at least 70 % Is 
maintained. These exchanges, however, do not comprise an exchange of arginine in 
position 458 by lysine. This exchange leads to a change in confirmation. Accordingly, 
exchanges in the region of the 7 amino acids which lead to a change of confirmation are 
comprised by the invention only if they exhibit the activation properties desired. 

The invention further relates to the use of the NK-cells treated according to a method of 
one or more of the above-mentioned embodiments for therapy of tumour diseases and/or 
infectious diseases. 

In a preferred embodiment of the use of the invention the therapy is carried out by re- 
infusion of the NK-cells treated. 

The aforementioned in vivo methods may also be used as treatment methods for treating 
the described indicators. 
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The Figures show: 



FIGURE 1: Comparison of the proliferating activity of separated NK- (A)- and T (B) - 
cells which were stimulated at a concentration of 10 pg/ml each either with 
IL-2(100 IU/ml)-medium or with other recombinant Hsp70 proteins 
(rHspZO, rHsp70-Cte^. (amino acids 384-561), rHsp70homC, DnaK, Hsc70 
and heat denatured rHsp70) which are suspended in IL-2-medium 
(100IU/ml). The phenotypic characteristics of the NK-cells are the 
following: 

CD3: < 5 %; CD16/CD56: 46^7 %; CD94: 60-70 %; p58.1 and p58.2: 
<5% and T-cells: CD3: 85-92 %; CD16/CD56: 5-10 %; CD94: <29%; 
p58.1 and p58.2: not tested; p70: not tested, determined by flow cytometry. 
The proliferation of the cells was determined after 48 hours and after 
incubation with ^H-thymidine (1 fjCUml) at 37 for 18 hours. The relative 
J = percentage of the 3H-thymidine absorption in NK - (A) and T (B) - cells 

i;n was compared to the effects of IL-2 alone (100 %). The values show 

average values of four to seven independent experiments ± standard 
v'n deviation. 

',; y 

\ il 

FIGURE 2: Comparison of the cytotoxic activity of highly purified NK-cells (CD3: < 2 %; 

□ CD16/CD56; 75-80 %; CD94: 65-87 %; p58.1 and p58.2: 20-30 %; p70: 
j < 10 %) which either remained untreated (continued lines, empty symbols) 
j^^ or which were pre-incubated after a pre-incubation of the NK-cells with 

□ rHsp70 (A) - protein (each Sjug/ml for 4 days; continued lines, filled in 

symbols) compared to siCr-Iabelled tumour target cells CX+ (A) and CX- 
(B) which are different due to their capability of express plasma membrane. 
The results are noted as percentage of the specific lysis at various E : T- 
ratios of 0.2 : 1 to 2 : 1 . Each point represents the average value of at least 
three independent experiments ± standard deviation. The percentage of 
spontaneous release for each tumour target cell line was always below 
15%. 

FIGURE 3: Tumour growth of CX+ cells carrying Hsp70 in immunodeficient mice. After 
i.p.-lnjection of NK-cells the tumour growth is completely inhibited (with i.p.- 
injection of the tumour cells). The tumour growth was given in cm^. 
Tumour growth after i. p. -injection of CX+ and NK-cells on day 21 . 
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FIGURE 4: Tumour gro\A4h of CX+ cells carrying Hsp70 in immunodeficient mice. After 
i.v.-injection of NK-cells the tumour growth is completely inhibited. The 
tumour growth was measured in gram. 

Tumor growth after o.t.-injection of CX+ and i.v.-injection of NK-cells on 
day 35. The NK-cells inhibit the tumour growth of CX+ cells carrying Hsp70 
after 3 or 5 weeks after injection and (see Figure 3).^ Both an 
intraperitoneal and an intravenous application of the NK-cells leads to 
similar results, 

FIGURE 5: Intact Hsp70-protein with illustration of the C-terminal region 

FIGURE 6: Illustration of the influence of Hsp70 and/or cytokines on the immune 
response mediated by NK-cells. The addition of cytokine also leads to a 
stimulation of T-cells. 

Each of the documents cited herein (including instructions of the producers, manuals, 
etc.) has been incorporated by reference in the description. 

The Examples illustrate the invention. 

Example 1: Increased proliferation of NK-cells after addition of Hsp70 

The proliferation of purified NK- and T-cells which were stimulated with the Hsp70 
proteins rHsp70. DnaK, Hsc70, rHsp70-C term, and rHsp70homC (amino acids 384-561) 
was determined in a ^H-thymidine absorption standard test (for test conditions see later). 
Additionally, first, peripheral blood lymphocytes from voluntary human donors were 
separated in non-adherent CD3+ T-cell and transient (12-24 hours) adherent CD3- 
(CD16+/CD56+) NK-cell-subpopulations in a multiple-steps method and subsequent 12- 
hour incubation in an IL-2-containing medium (see 3). The cells were cultivated 
separately in rlL-2 (100 lU, Chiron, Frankfurt, Germany) containing an RPMI 1640 (Life 
Technologies, Eggenstein, Germany) medium for 3-4 days. The proliferation was 
measured as H-3 absorption. 

Panning experiments were carried out using human recombinant Hsp70 (rHsp70, SPP- 
755, StressGen Biotechnologies, Victoria, Canada) and DnaK (Hsp70-homologue 
obtained from E. coli, SPP-630, StressGen). The proteins were diluted in PBS to a stem 
concentration of 1 jug/ml and deep frozen in aliquots at SO^C. T-25 culture flasks were 
incubated with rHsp70 or DnaK proteins (10 ^fg/ml) diluted in 3 ml icy cold carbonate 



^ Translator's note: sentence incomplete. 
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buffer, pH 9.5. for 12 hours. After blocking non-specific binding sites with PBS/5 % FKS a 
mixture of T- and NK-cells suspended in PBS/1 % FKS at a ratio of 1 ; 2 and 2 : 1 was 
incubated in the culture flasks for 1 hour at room temperature. Non-adherent cells were 
obtained from the supernatant fraction after incubation. Adherent cells were obtained by 
means of sequential washing steps using ice-cold PBS/10 % FKS solution. A single, mild 
washing step was applied to remove lightly-adherent cells, whereas highly-adherent cells 
were obtained by means of additional stringent washing steps. The cell populations 
obtained with each step were counted separately and characterised by flow cytometry 
and phenotype. 

The flow cytometry was carried out on an FACScan instrument (Becton Dickinson, 
Heidelberg, Germany) as described in (4). The percentage of positive-dyed cells was 
defined as the difference between the number of specifically-dyed, vital (propidiumiodide- 
negative) cells minus the number of cells which were dyed with the control antibodies 
corresponding to the isotype. The following antibodies were used for the phenotypic 
characterisation: 

The control antibody corresponding to the isotype (Dianova. Hamburg, Germany; Becton 
Dickinson, Heidelberg, Germany), GDI 6 (Dianova. Hamburg, Germany), CDS (Dianova, 
Hamburg, Germany). 

The ability of T- or NK-cells to proliferate against various Hsp70 proteins was determined 
in a 3H-thymidine absorption standard test. Viable cells (5 x 10^ cells/1 00^1) were put on 
a micro titer plate containing 96 wells with a flat bottom (Greiner, Nurtingen, Germany), 
wherein a supplemented RPMI 1640-medium with 100 lU IL-2 and various recombinant 
Hsp70 proteins (rHsp70, DnaK, Hsc70, the constitutive form of Hsp70, purified from 
bovine brain, SPP-750; Stressgen; rHsp70-C term, sie rek. C-terminal peptide binding 
domain of Hsp70 (amino acids 384-561), rHsp70homC, the recombinant C-terminal 
peptide binding domain of Hsp70hom (Hsp70hom is a testis-specific member of the 
Hsp70 family exhibiting a high homology (94 %) to Hsp70, amino acids 384-561) were 
used. By testing various concentrations of the Hsp 70 proteins (1 - 200 fjg/ml) it was 
found that a final concentration of 100 fjg/mi was ideal for stimulation. A proliferating 
activity against IL-2 (100 lU) was determined in parallel as a further control. After an 
incubation period of 24 hours or 48 hours the cells were labelled with ^H-thymidine (1 
/yCi/well) and the total absorption was determined after 1B-hour incubation at 37**C in a 
fluid scintillation counter (Beckmann Instruments, Munich, Germany). Furthermore, as 
internal control, the proliferation capacity was determined from the T-lymphocytes taken 
from the same donor. Using various Hsp70 proteins/fragments in concentrations of 1- 
200^rg/ml in dose escalation examinations showed that a maximum stimulation of the 
proliferation capacity could be achieved with 100 fjg/ml Hsp70 protein. The proliferation 
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activity of isolated NK- and T-cells was tested after in vitro stimulation with rHsp70, DnaK, 
Hsc70, rHsp70-C term, or rHsp70homC (amino adds 384-562). As can be seen in Figure 
1 A, the NK-cell proliferation by rHsp70 was significantly stimulated. The stimulation by the 
carboxy-terminal region of Hsp and by rHsp70homC which, in the C-terminal domain with 
the amino acids 384-561. is 94 % identical to Hsp70 is also possible. In contrast. DnaK 
and Hsc70 did not stimulate the proliferation of NK-cells. Heat denatured rHsp70 lost its 
stimulatory properties for the proliferation completely. 

Moreover, it was possible to show that the proliferation of CD3-positive T-lymphocytes 
could be stimulated by DnaK whereas rHsp70, Hsc70 and rHsp70homC and heat 
denatured rHsp70 did not show any effect on the proliferation capability of T-cells (Figure 
IB). 

Thus, to sum up, a proliferation of NK-cells by recombinant human Hsp70 protein by 
means of the C-terminal region of Hsp70 (384-561) and rHsp70homC, a protein 
homologous to the Hsp70, could be induced while a proliferation of the T-cells could 
selectively be stimulated by bacterial Hsp70 (E. coli DnaK). 

Example 2: Increase of the cytolytic activity of NK-cells after addition of Hsp70 

A functional analysis of the NK-cells using Hsp70-expressing (CX+) and Hsp70-non- 
expressing (CX-) tumour cells showed that the plasma membrane expression by Hsp70 
correlated with an increased sensitivity for the lysis mediated by NK-cells. This lysis 
mediated by NK-cells can be blocked by pre-incubation of the tumour cell lines with 
monoclonal antibodies directed against the carboxy-terminal region (amino acids 504- 
617) of Hsp70 and with the antibody RPN1197 (1, 4). In the following the influence of 
recombinant Hsp70 protein (rHsp70) on the cytolytic activity of NK-cells for the 
autologous, Hsp70-expressing (CX+) and Hsp70-non-expressing (CX-) tumour cells was 
analysed. The results of the cytotoxicity tests using highly-purified NK-cells pre-incubated 
with Hsp70 protein in a concentration of 5 jL/g/ml for 4 days are summarised in Figures 2A 
and B. The experimental set-up was the following: For stimulation of the cytotoxic activity 
NK-cells were incubated with 10 fjg/ml rHsp70. The stimulation was repeated after 4 
days. 

The human, autologous colon carcinoma subcell lines CX+ and CX-, which differ in their 
Hsp70 expression on the plasma membrane (Multhoff et aL, J. Immunol. 158 (1997), 
4341), were cultivated In RPMI 1640 medium supplemented with 10 % FKS (Life 
Technologies), 6 mM L-glutamine and antibiotics (100 lU/ml) penicillin and 100 jjg/ml 
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streptomycin (Life Technologies). Exponentially growing tumour cells were used as target 
cells and purified CDS- NK-cells were used as effector cells after cell sorting using a 
FACStart^^s Instrument (Becton Dickinson. Heidelberg, Germany). The cytotoxicity 
mediated by NK-cells was determined by carrying out a 4-hour siCr-radioisotope test 
(Multhoff et al., J. Immunol. 158 (1997). 4341). The percentage of the specific lysis was 
calculated as follows: [(experimental release - spontaneous release) - maximum 
release - spontaneous release] x 100. The spontaneous release of Cr-51 was below 
15 % In all the experiments. 

Surprisingly, it was possible to demonstrate that both the proliferation and the cytolytic 
activity of NK-cells against Hsp70-expressing tumour cells (CX+) was stimulated when 
the NK-cells were incubated with rHsp70 protein for at least 4 days. In contrast, NK-cells 
from the same donor, which were not treated with rHsp70, lost this reactivity after 10 days 
(dates not shown). The lytic activity of NK-cells not stimulated with rHsp70 was lower 
compared to NK-cells treated and stimulated with rHsp70 and no significant difference in 
the lysis could be noted in the lysis of Hsp70-expressing and non-expressing tumour 
cells. 

The present examinations show that the carboxy-terminal part of Hsp70 (amino acids 
384-641 ) is responsible for the stimulation of cytolytic and proliferate function of NK-cells. 
According to the invention, is was thus possible to demonstrate that particularly the 
carboxy-terminal part of the Hsp70 protein is effective as stimulating signal for NK-cells 
which in vitro attack tumour cells specifically expressing the Hsp70. . 

Example 3: Anti-tumour effect with NK-cells stimulated by Hsp70 

For examining the in vivo relevance of NK-cells compared to Hsp70-expressing tumour 
cells tests were carried out on immunodeficient SCID/beige mice. First, various amounts 
of tumour cells (CX+ or CX- cells) were injected into SCID/beige mice. An amount of 
2.5 mio. cells proved to be the optimal amount of tumour cells to induce tumour growth 
within a period of 3 to 5 weeks. An i.p. (intraperitoneal) or o.t. (orthotope, i.e. here, in the 
bowel wall) injection of colon carcinoma cells CX+ and CX- was chosen. The NK-ceils 
were applied after stimulation either i.p. or i.v. (intravenously). As illustrated in Figure 3. 
tumour growth could be achieved in all animals both after i.p. and after o.t. injection. 
Contrary to the i.p. injection, in addition of growth of a primary tumour after o.t. injection 
metastasis of the CX+ could also be observed, in particular in spleen and lung (3 in 3 
mice after o.t. injection). 
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Injection of human NK-cells (i.p., but also i.v.), even four days after the injection of tumour 
cells, leads to a complete inhibition of tumour gro\A^h. It is interesting that not only growth 
of primary tumour cells (in the i.p. region or in the bowels) could be inhibited by NK-cells 
but also the metastasis of tumours. 

These findings clearly show that an immune reconstitution of SCID/beige mice with pre- 
activated human NK-cells does lead to lysis not only in vitro but also in vivo (in the 
animal). It is interesting that metastasis by human NK-cells, too, can be suppressed. 
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